In this paper, we describe the preliminary experimental studies of flux-cored wires moisturized under controlled conditions. Three seamless wires of different grades have been placed in an environmental chamber and moisturized in extremely adverse conditions (temperature T = 60°C, relative humidity H = 90%) for 240 hours. During this time, measurements of weight gain as well as surface observations of the wires have been carried out. Also, the amount of diffusible hydrogen in deposited metal was determined by the mercury method for one of the moisturized wires. A significant increase in the level of hydrogen was observed (from H5 to H10). Further research will aim to determine the effect of storage conditions on the hydrogenation of deposited metal and quality of flux-cored wires.
Introduction
One of the fundamental issues related to welding metallurgy is the behavior of hydrogen in the welding area and welded joint [1] [2] [3] . Very small diameters of hydrogen atoms (compared to the size of metal lattice parameters) often cause occurrences of the phenomenon of hydrogen penetration and diffusion to metallic materials [4] [5] [6] . This process is intense, widespread, and constitutes a special threat (especially in steel materials). Moisture and water vapor that penetrate the welding pool during the welding process react with the liquid metal, oxidize it, and at the same time saturate it with hydrogen. After the end of welding, hydrogen penetrates material discontinuities caused by the presence of porosity, microcracks, or slag. As a result of the cooperation of many mechanisms, this may cause the formation of welding cracks (mainly cold cracks) [1, 2, [7] [8] [9] .
Hydrogen that penetrates into a welded joint can be divided into diffusible hydrogen (the part of hydrogen that, under normal temperature and pressure, can escape into the atmosphere by diffusion) and residual hydrogen (remains in free form and in the hydrides inside the hydrogen traps).
Gas shielded Flux Cored Arc Welding (FCAW, 136 acc. to standard PN-EN ISO 4063) is one of the most-intensively developing metal joining processes [10, 11] . This process has many advantages, such as high efficiency, low diffusible hydrogen content in the deposited metal, and relative simplicity in learning the welding technique. Fluxcored wires are simultaneously the electrode and the welding consumable. They are built of a steel tube filled with powder (flux). They are usually manufactured from a steel strip rolled in a tube, filled with flux, and mechanically closed (in the case of wires with seams) or through the process of welding (producing seamless wires) (Fig. 1) . Subsequently, the wires are drawn until achieving a predetermined diameter (usually in the range of 0.8 to 2.4 mm). [12] Welded joints made with flux-cored wires can be susceptible to cold cracking. When other factors that cause cold-crack formation remain unchanged, the increasing amount of diffusible hydrogen is the reason for the presence or absence of cracks. The effect of the technological regime (e.g., correct welding parameters, adequate pre-heating temperature, appropriate storage conditions) has been studied by many researchers and reported in numerous publications [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
The factors associated with the storage of wires that could have a significant effect on the diffusible hydrogen content in deposited metal may be: atmospheric moisture and temperature, time, type of packaging, chemical composition of the flux, and type (method of production) of the wire. Typical recommendations for storage of flux-cored wires require that the following atmospheric conditions in the consumables warehouse must be achieved: maximum temperature 27°C and relative humidity max. 60%, or maximum temperature 37°C and relative humidity max. 50% [25] .
The specific structure of flux-cored wires determined the directions and intensity of the penetration of moisture (and with it, the hydrogen). Theoretical and literature analysis about the phenomenon of moisturizing flux-cored wires shows that, in the case of wires with a seam, the basic path for penetration of moisture into the flux is the seam, while a minor role may be played by the open end of the wire.
The aim of this study was to determine the effect of the time of storage in adverse conditions on the possibility of the further use of the materials studied, based on the diffusible hydrogen content evolved from the deposited metal, wires surface conditions, and their absorbability.
Experimental
Studies were carried out in two stages. The first was the determination of the diffusible hydrogen content in the deposited metal of wire Nittetsu SF-3A moisturized in an environmental chamber under the following conditions: temperature T = 60°C, relative humidity = 90% H, time range t = 0 to 240 h. This was concluded by an observation of its surface. The second part of the study was the determination of the weight gain of wires moisturized under the same conditions. For the purposes of second part of the study, three grades of Nittetsu seamless flux-cored wires of 1.2 mm diameter with rutile cores have been selected (Tab. 1). In the first experiment, a spool of wire was moisturized in a Binder 115 E3.1 climatic chamber. To prepare the samples, a welding station with Aristo 4000i welding machine was used. In studies of the measurement of diffusible hydrogen, the mercury method was method of choice. The advantages of the mercury method over other measurement methods include accuracy, precision of measurement, and high inter-laboratory reproducibility [26, 27] . The test stand is shown in Figure 2 . As a base metal, non-alloy steel samples S235JR were prepared in accordance with guidelines [27, 28] . To determine the amount of diffusible hydrogen in the deposited metal, the following steps were undertaken:
 performing a padding weld on a test sample (welding current 200-250 A, arc voltage 25-30 V and fl ow rate of M21 shielding gas 18-22 l/min),  cooling the sample rapidly in ice water to stop the diff usion of hydrogen,  putting the sample in a scaled vessel which allows it to collect hydrogen,  measuring the length of the column of hydrogen gas and the diff erence of mercury levels in the arms of the test stand,  calculating the diff usible hydrogen content referred to the weight of the deposited metal and normal temperature and pressure.
Fig. 2. Test stand for determination of diffusible hydrogen content by mercury method
Microscopic observations have been carried out on a Philips XL 30 ESEM (a scanning electron microscope). The aim of the microscopic tests was to determine the influence of time and storage conditions on the state of the surface of the wire as well as the quality of the closing of its tube.
Precise laboratory balance AXIS with an accuracy of 0.001 g was used to measure the change of weight of the wires due to the moisturizing process. S amples of wires in delivery conditions were placed in a climatic chamber and moistened at temperature T = 60°C and relative humidity H = 90%. Ab sorbability was calculated from the following formula [21] : 
Results
The diffusible hydrogen content in Nittetsu SF-3A deposited metal in delivery conditions obtained using the mercury method is 3.18 ml/100 g; thus, the tested wires comply to a level guaranteed by the manufacturer (H5 level). Figure 3 shows the results of measurements of diffusible hydrogen content in deposited metal of the wire moistened in extreme conditions: temperature T = 60°C, humidity H = 90%. The results are shown as the average of 3 determinations. A strong non-linear effect of moisturizing time on the diffusible hydrogen content in deposited metal of the tested wire was found. However, after a rapid increase of diffusible hydrogen during the two first days, the growth of its content decreased. After 240 h in aggressive conditions, it rea ched a value of 7.36 ml/100 g (H10 level).
The metallographic examination of wires in delivery conditions and moisturized have been done. In Figure 4 , photographs of seamless wire Nittetsu SF-3A in delivery conditions and after moisturizing are shown. From the point of view of the implementation of further research, an important observation is the fact that in the case of precoiled spool corrosion occurs mainly on the external coils. As can be seen in Figure 5 , moisturizing causes the formation of corrosion products on the surface of the wire. There was no effect of storage on the condition of the seam. As moisturizing an entire spool of wire is pointless due to the fact that the phenomenon is mainly subjected to the external coils, the manner of collecting samples for testing was determined (including the length of the wire prior to moisturization). Figure 6 shows the wires during moisturizing in the climatic chamber. Each wire was weighed during moisturization, and the results of the measurements specif ying their absorbability are shown in Figure 7 .
The examined wires are characterized by varied absorbability. The observed weight gain of seamless wires is probably due to the presence of moisture in the products of corrosion. This increases the amount of potential hydrogen, which is responsible for increasing the amount of diffusible hydrogen. Verification of this hypothesis requires further study. Studies can be continued in the direction of quantitative assessment of the effect of storage conditions of flux-cored wires on diffusible hydrogen content in deposited metal. 
